Abstract. Two way shape memory has been achieved in Cu-Zn-Al-Co and Co-Al-
INTRODUCTION
Most o f the current applications of shape memory alloys are based upon one way shape memory, the material only remembering its "hot shape". However shape memory alloys can be suitably trained to obtain two way shape memory (TWSM), the material now remembering its "hotrf and "cold shape". This results from the formation of suitable dislocation structures (I) , internal stresses (2) , retained martensite (3) or stress induced martensite (4, 5) Table I ) . Data are given for 6, immediately after training prior to cycling ( 2 cycle), after 5 cycles and after 100 cycles. The deflection of the sample in its hot shape, 6, did not change appreciably with cycling so only data for the first cycle are given (7) .
As can be seen, from Figure 2 , the deflection of the hot and cold shape increases with training temperature and there is little change in cold shape on cycling. Similar results were reported in (7) and explained in terms of the amount of stabilised stress ioduced martensite formed at each temperalure. Figure 3 shows the TWSME as a function of temperature revealing a ~x i m u m TWSME of 65 9% of the shape imposed during training for a training temperature of 110 C (A, + 120 "c). + 170 C) . The pronounced decrease in TWSME ut temperatures above 250 C should be noted. A similar effect was reported in (7) and postulated to be caused by precipitation (8) .
Similar results were obtained for a Cu-Al-Mn alloy (flloy 3), Figute 4, which shows a maximum TWSME of 53 % at a training temyrature of 250 C (Af

Effect of training time.
Figure 5 displays the effect of training time on the amount of TWSME for a Cu-AI-Zn-Co (alloy 2) developed for various training temperatures. Maximum TWSME is achieved at shorter times the higher the training temperature which suggests the influence of diffusion controlled processes.
Stress developed during training.
In order to study the stresses developed during the training of a Cu-Al-Mn alloy (alloy 4), the whole training cycle was performed in an Instron tensile testing machine. The tensile test piece sample was strain gauged using a foil gauge on a polyimide base and a cyanoacrylate adhesive: This allo~ed a maximum strain of 3 % to be recorded and a normal operating range of -30 C to 250 C. Temperature compensation was provided by a dummy gauge on a similar alloy but one with no shape memory properties in the working range.
The sample was heated from room temperature to 50 OC (A, + 70 OC) under zero load. The sample was then strained to 2 % strain, which was the maximum surface strain deoveloped in the training of the sample around the cylinder. The temperature was then raised to 100 C while the 2 % strain was carefully held constant by adjusting the fpplied load. The sample was then held at 100 C for 30 minutes then unloaded while still at 10t C. Figure 6 shows the stress-strain record a'uring the test. When the temperature is raised to 100 C the stress in the sample rises immediately as the SIM reverts to the parent phase and a reversion stress of some 80 N/mm2 builds up.
Following training in the lnstron tensile testing machine, the sample was thermally cycled and found to have a TWSME o f 40 %.
DISCUSSION AND CONCLUSIONS
Appreciable TWSME has been obtained in Cu-Zn-Al-Co and Cu-Al-Mn alloys by using the stabilised stress induced martensite method. An optimum training temperature and time have been found for each alloy. 
Measurements o f the stresses developed during the heating under restraint
